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A micropapillary pattern is predictive of a poor
prognosis in lung adenocarcinoma, and
reduced surfactant apoprotein A expression in
the micropapillary pattern is an excellent
indicator of a poor prognosis

Hideaki Tsutsumida®, Mitsuharu Nomoto', Masamichi Goto®, Shinichi Kitajima®,
Ichiro Kubota®, Yasunobu Hirotsu?, Joeji Wakimoto®, Michael A Hollingsworth*
and Suguru Yonezawa'

'Department of Human Pathology, Field of Oncology, Kagoshima University Graduate School of Medical and
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Japan; *Department of Pathology, National Minamikyushu Hospital, Kagoshima, Japan and *Departments of
Biochemistry and Molecular Biology, Eppley Institute for Research in Cancer and Allied Diseases, University
of Nebraska Medical Center, Omaha, NE, USA

A micropapillary pattern is defined as papillary tufts without a fibrovascular core and is known to be a factor
that indicates a poor prognosis in humerous cancers. However, their role in lung adenocarcinoma has not been
investigated widely. In 185 cases of small-size lung adenocarcinoma (<3cm), cases with a micropapillary
pattern ratio of more than 1% (analyzed by NIH image) were defined as micropapillary pattern positive.
Correlations between the micropapillary pattern and clinicopathological factors were investigated and
immunohistochemical expression of mucin and various antigens was examined in regions with and without
micropapillary patterns. Micropapillary pattern-positive tumors (micropapillary pattern ratio >1%) were
observed in 11.4% of cases (21/185) and the micropapillary pattern ratio correlated with TNM stage
(P=0.0002), lymphatic invasion (P=0.0002) and lymph node metastasis (P=0.03). Disease-free interval
(P<0.0002) and survival (P=0.027) were significantly shorter for micropapillary pattern-positive patients, and
micropapillary pattern-positive stage IA cases also had a significantly shorter disease-free interval (P<0.0001).
MUC1 was expressed strongly across the surface of the micropapillary structure, whereas MUC4 tended to
show lower expression in the micropapillary pattern. It was noteworthy that the disease-free interval in patients
with high surfactant apoprotein A expression was significantly better than in patients with low surfactant
apoprotein A expression (P=0.03), and no recurrence or death occurred in patients with high surfactant
apoprotein A expression. Our results show that the micropapillary pattern ratio correlates with lymphatic
invasion and lymph node metastasis, and that a high micropapillary pattern ratio leads to a poor prognosis.
High MUC1 expression on the surface is an important characteristic of a micropapillary pattern, and reduced
surfactant apoprotein A expression in the micropapillary pattern may be an excellent indicator for poor
prognosis in small-size lung adenocarcinoma.
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Lung cancer is a disease with a poor prognosis,
despite efforts in primary prevention, screening and
therapy. However, many small lung adenocarcino-
mas without symptoms can now be detected due to
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advances in diagnostic techniques. Such adenocar-
cinomas are becoming an important area of study,
but many show metastasis or recurrence. To improve
the cure rate of small-size lung adenocarcinoma,
it is important to make a clear histopathological



distinction between carcinomas of patients with
favorable outcomes and those with poor outcomes.

A micropapillary pattern is defined as a pattern
showing micropapillary structures without a fibro-
vascular core. It is well known that the presence of a
micropapillary pattern leads to a poorer prognosis in
ovary, breast and bladder cancer. A micropapillary
pattern has also been reported as an important factor
in predicting poor prognosis in lung adenocarcino-
ma,”® but the immunohistochemical profile of
micropapillary patterns in lung adenocarcinoma is
not well understood.

In this study, we determined the micropapillary
pattern ratio in small-size lung adenocarcinoma
samples using a more objective method than used
previously, and we examined the relationship
between the presence of a micropapillary pattern
and prognosis. We suggest that the unique char-
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acteristics of a micropapillary pattern lead to a
poorer prognosis in cases with a high micropapillary
pattern ratio.

Materials and methods
Surgical Specimens and Patient Characteristics

From January 1994 to December 2000 in the Minami
Kyushu National Hospital, radical surgical removal
was performed for 185 patients (males, 72; females,
113; mean age, 67.0 years old (range 43-84)) with
primary lung adenocarcinoma of the non-BAC type
and smaller than 3cm in size. Histologically, the
adenocarcinoma was grade 1, 2 and 3 in 106, 76 and
three cases, respectively. The patient characteristics
are shown in Table 1. Distant metastasis was not
detected in any patient and performance status was

Table 1 Correlation between clinicopathologic factors and presence of a micropapillary pattern in small-size lung adenocarcinoma

Category No. of patients Log-rank test (P-value) Micropapillary pattern P-value
Disease-free interval Overall survival Negative (n=164) Positive (n=21)

Age (years)
<65 81 0.26 0.11 68 (36.8) 13 (7.0) 0.076
>65 104 96 (51.9) 8 (4.3)

Sex
Male 72 0.012 0.1 63 (34.1) 9 (4.9) 0.69
Female 113 101 (54.6) 12 (6.5)

TNM stage
IA 131 <0.0001 0.0002 124 (67.0) 7 (3.8) 0.0002
1B 7 7 (3.7) 0 (0)
1A 15 10 (5.4) 5 (2.7)
1IB 2 1 (0.54) 1 (0.5)
1A 25 19 (10.3) 6 (3.2)
111B 5 3 (1.6) 2 (1.1)

P-factor
Po 145 <0.0001 0.0002 130 (70.1) 15 (8.1) 0.34
P1 28 24 (13.0) 4 (2.2)
P2 10 9 (4.9) 1 (0.5)
P3 2 1 (0.5) 1 (0.5)

Tumor size
<20mm 71 0.001 0.0065 66 (35.7) 5 (2.7) 0.144
>20mm 114 98 (53.0) 16 (8.7)

Lymph node metastasis
<N1 159 <0.0001 <0.0001 144 (78.3) 15 (8.2) 0.033
>N2 25 19 (10.3) 6 (3.3)

Lymphatic invasion
Negative 117 <0.0001 <0.0001 111 (61.3) 6 (3.3) 0.0002
Positive 64 49 (27.1) 15 (8.3)

Venous invasion
Negative 142 <0.0001 <0.0001 127 (69.8) 15 (8.2) 0.438
Positive 40 34 (18.9) 6 (3.3)

Serum CEA
Negative 136 <0.0001 0.0012 122 (69.3) 16 (9.1) 0.85
Positive 41 34 (19.3) 4 (2.3)
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0 or 1 in all patients. All specimens were fixed in
10% formalin, embedded in paraffin and cut into
4-um serial sections for immunohistochemical stain-
ing, in addition to the usual hematoxylin and eosin
staining. This study was approved by the Kagoshima
University Faculty of Medicine Human Investiga-
tion Committee (registration no. H13-19).

Micropapillary Pattern Ratio

Detection of micropapillary patterns was performed
using the specimen of largest area for each sample.
CD68 expression was analyzed immunohistochemi-
cally to exclude alveolar macrophages. The micro-
papillary pattern area was marked on the scanned
specimen and the micropapillary pattern ratio
(micropapillary pattern area/non-micropapillary
pattern area x 100) was analyzed using NIH image
(version 1.62, NIH Division of Computer Research
and Technology, Bethesda, MD, USA). Cases show-
ing a micropapillary pattern ratio of >1% were
defined as micropapillary pattern positive.

Comparison of Micropapillary Pattern Ratio with
Clinicopathological Factors

Various potential prognostic parameters (age, sex,
TNM stage, P-factor, tumor size, lymph node
metastasis, lymphatic invasion, venous invasion
and serum CEA level at the preoperative stage) were
examined to determine their relationship with
disease-free interval, overall survival and micropa-
pillary pattern status (Table 1). The P-factor reflect-
ing the degree of visceral pleural invasion was
defined according to the criteria of the Japan Lung
Cancer Society as follows: PO, the tumor does not
penetrate the elastic layer of the visceral pleura; P1,
the tumor penetrates the elastic layer but is not
exposed on the pleural surface; P2, the tumor is
exposed on the pleural surface but does not involve
adjacent anatomic structures and P3, the tumor
involves adjacent anatomic structures.

Immunohistochemical Staining

MUC1, MUC4, MUC5AC, surfactant apoprotein A,
ErbB2, CEA, p16, p27 and CD68 expression was
assessed by immunohistochemistry with the follow-
ing antibodies: DF3 (mouse monoclonal antibody,
Toray-Fuji Bionics, Tokyo, Japan) against MUC1
mucin; clone 8G7 (mouse monoclonal antibody)
(generated by Surinder K Batra) against MUC4;
clone CLH2 (mouse monoclonal antibody, Novocas-
tra, Newcastle, UK) against MUC5AC; PE-10 (mouse
monoclonal antibody, Dako A/S, Glostrup, Den-
mark) against surfactant apoprotein A; ErbB2 (rabbit
polyclonal antibody, Dako A/S) against ErbB2; CEA
(rabbit polyclonal antibody, Dako A/S) against CEA;
clone G175-405 (mouse monoclonal antibody, BD
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Bioscience Pharmingen, San Jose, CA, USA) against
p16; NCL-p27 (mouse monoclonal antibody, Novo-
castra) against p27 and clone PG-M1 (mouse mono-
clonal antibody, Dako A/S) against CD68.

Immunohistochemical staining was performed
with the immunoperoxidase method using the
ABC complex (Vector Laboratories, Inc., Burlin-
game, CA, USA) as described previously.”® Briefly,
each section was deparaffinized with xylene and
endogenous peroxidase was blocked by incubating
the sections in 0.3% hydrogen peroxide in absolute
methanol at room temperature for 30min. After
hydration in decreasing concentrations of ethanol in
water, the sections were washed in 0.01 mol/l PBS
(pH 7.4). Water bath pretreatment at 80°C for 20 min
in 0.01 M citrate buffer (pH 6.0) was used for MUC4
epitope retrieval and water bath pretreatment at
98°C for 40 min was performed for ErbB2 epitope
retrieval. Autoclave pretreatment at 120°C for 5 min
was used for p27 epitope retrieval. All sections were
washed twice with PBS and then exposed to 2%
horse serum in PBS for 30 min at room temperature
to prevent nonspecific staining. For staining using
each antibody, the sections were incubated with
primary antibodies (dilutions: DF3, 1:10; PE-10,
1:100; MUC4, 1:3000; ERbB2, 1:100; p27, 1:100;
CEA, 1:500; MUC5AC, 1:100; pl6, 1:250; CD68,
1:50) in PBS with 1% bovine serum albumin for 16 h
at 4°C The sections were washed three times with
PBS, incubated with the biotinylated secondary
antibody and then washed three more times with
PBS. All sections were then treated with the ABC
complex (Vector Laboratories, Burlingame, CA,
USA) for 30 min. After washing a further three times
with PBS, the sections were reacted with diamino-
benzidine substrate for 10—30 min for visualization,
rinsed with tap water, counterstained with hemato-
xylin and mounted.

Scoring of the Results

Antibody staining was graded based on the percen-
tage of positively stained neoplastic cells as follows:
0, no neoplastic cells stained; 1+, <25% of neo-
plastic cells stained; 2+, >25% to <50% of neoplas-
tic cells stained; 34, >50% to <75% of neoplastic
cells stained and 4+, >75% of neoplastic cells
stained. Staining of the cytoplasm, cell apex
(luminal surface) and associated secretory products
(luminal contents) was evaluated separately and
cells were considered to be positive when at least
one of these components stained positively. The
immunohistochemical evaluation was performed
by three observers (H Tsutsumida, M Nomoto and
S Yonezawa).

Statistical Analysis

The correlation of clinicopathological factors (age,
gender, T-factor, tumor size, lymph node metastasis,



lymphatic invasion, vessel invasion, serum CEA at
the preoperative stage and smoking) with micro-
papillary pattern ratio was examined using univari-
ate analysis. Statistical significance was set at
P<0.05. Overall survival was measured from the
date of surgery to the date of the last follow-up or
death, whereas disease-free interval was measured
from the date of surgery to the date when recurrence
was first detected. Disease-free interval and overall
survival curves were plotted using the Kaplan—
Meier method and differences were analyzed by log-
rank test. Disease-free interval and overall survival
were also compared between micropapillary pat-
tern-positive (micropapillary pattern ratio >1%)
and micropapillary pattern-negative (micropapillary
pattern ratio <1%) cases. JMP software (AS Institute
Inc., Cary, NC, USA) was used for all statistical
analyses.
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Results

Detection of a Micropapillary Pattern in Small-Size
Lung Adenocarcinoma

Micropapillary patterns were detected based on the
presence of micropapillary structures without a
fibrovascular core (Figure 1a). Expression of CD68
was analyzed to distinguish alveolar macrophages
from a micropapillary pattern; alveolar macrophages
show high expression of CD68 (Figure 1b) but low or
no expression of MUC1 (Figure 1c). Among the 185
cases of adenocarcinoma, 53 included a micropapil-
lary pattern. The micropapillary ratio ranged from
0.01 to 31.3% (mean+s.d.: 3.544+6.61%) and the
median value was 0.7%. Six cases had a micropapil-
lary pattern ratio of over 5%, 15 had a micropapillary
pattern ratio of 1-5%, 32 had a micropapillary
pattern ratio of 0-1%, and 132 cases showed no
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Figure 1 Typical H&E and immunohistochemical findings in micropapillary pattern-positive cases. (a) H&E staining. (b) Expression of
CD68 was observed in macrophages (arrow head) but not in carcinoma cells with a micropapillary pattern (arrow). (¢) Expression of
MUC1 was observed in carcinoma cells with a micropapillary pattern (arrow) but not in macrophages (arrow head). (d) A micropapillary
pattern in the space entrapped by atypical cells (inside pattern). (e) A micropapillary pattern in the normal alveolar space (outside
pattern).
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Table 2 Micropapillary pattern ratio and definition of micro-
papillary pattern-positive and micropapillary pattern-negative
cases

Micropapillary No. of Micropapillary pattern
pattern ratio cases status

0% 132 Negative group (n=164)
<1% 32

>1-<5% 15 Positive group (n=21)
>5% 6

micropapillary pattern in the specimen of largest area
(Table 2). Cases with a micropapillary pattern ratio of
more than 1% were categorized as micropapillary
pattern positive (21 cases) and the remaining cases
were considered to be micropapillary pattern nega-
tive (164 cases). In the micropapillary pattern-
positive cases, a micropapillary pattern was detected
in space entrapped by atypical cells in seven cases
(inside pattern: Figure 1d) and in the normal alveolar
space in 11 cases (outside pattern: Figure 1e). A
mixed pattern was detected in three cases.

Relationship Between Clinicopathological Factors and
Micropapillary Pattern

TNM stage, P-factor, tumor size, lymph node
metastasis, lymphatic invasion, venous invasion
and serum CEA level at the preoperative stage all
showed a correlation with disease-free interval and
overall survival, and sex correlated with disease-free
interval. TNM stage (P=0.0002), lymphatic inva-
sion (P=0.0002) and lymph node metastasis
(P=0.03) were correlated with a micropapillary
pattern-positive status (Table 1).

Correlation Between Micropapillary Pattern Status
and Outcome

Of the 21 micropapillary pattern-positive cases,
recurrence was observed in 13 patients and eight
patients died during the follow-up period. The
median and mean length of survival for all patients
with small-size lung adenocarcinoma who under-
went surgery were 62 and 62.6 months, respectively.
Disease-free curves for micropapillary pattern-posi-
tive and micropapillary pattern-negative patients are
shown in Figure 2a; the disease-free curve for the
micropapillary pattern-positive group was signifi-
cantly lower than that for the micropapillary
pattern-negative group (P=0.003). Overall survival
curves for micropapillary pattern-positive and mi-
cropapillary pattern-negative patients are shown in
Figure 2b; these curves indicate that the micropa-
pillary pattern-positive group had significantly
poorer survival than the micropapillary pattern-
negative group (P=0.047). A comparison of micro-
papillary pattern-positive and micropapillary pat-
tern-negative patients was also performed for stage
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Figure 2 Disease-free interval and survival curves for micropa-
pillary pattern-positive (micropapillary pattern ratio >1%) and
micropapillary pattern-negative (micropapillary pattern ratio
<1%) cases. Kaplan—-Meier plots are shown for postoperative
disease-free interval (a) and survival (b). Log-rank analysis
indicated significant differences in disease-free interval
(P=0.0002) and survival (P<0.05) between the two groups.

IA cases only, in which disease-free interval and
survival were longer than for other stages (Table 1).
The disease-free curve for micropapillary pattern-
positive stage IA cases (n=7) was significantly
lower than that for micropapillary pattern-negative
stage IA cases (n=124) (P<0.0001, data not shown),
whereas overall survival showed no significant
difference between the two groups (P=0.34).

Outcome Based on Histological Type of
Micropapillary Pattern

Disease-free interval and overall survival did not
differ significantly among cases with an inside-type,
outside-type and mixed-type micropapillary pattern
(Figure 3a and b), although patients with an outside-
type pattern tended to have a shorter disease-free
interval and shorter overall survival.

MUC1, MUC4, MUC5AC, Surfactant Apoprotein A,
ERBb2, CEA, p16 and p27 Expression in Small-Size
Lung Adenocarcinoma

The results of immunohistochemical analysis of
protein expression were initially obtained as a
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Figure 3 Disease-free interval and survival based on histological
type of micropapillary pattern. Kaplan—-Meier plots are shown for
postoperative disease-free interval and survival for patients with
micropapillary patterns of the inside, outside and mixed types.
Log-rank analysis indicated no significant differences in disease-
free interval and survival among the three groups.

semiquantitative score (from 0 to +4). In Table 2,
these data are shown in terms of high or low
expression and in this form the data showed no
significant correlation with micropapillary pattern
status. Comparison of the semiquantitative expres-
sion score between micropapillary pattern and non-
micropapillary pattern areas suggested that MUC1
was expressed strongly in both areas in all micro-
papillary pattern-positive cases (Figure 4), although
MUC4 expression in the micropapillary pattern area
was lower than that in the non-micropapillary
pattern area in five of the 21 cases. The expression
levels of other proteins showed no significant
difference between micropapillary pattern and
non-micropapillary pattern areas. MUC1 was
strongly expressed in the membrane of carcinoma
cells in micropapillary patterns but not expressed in
the cytoplasm.

Surfactant Apoprotein a Expression and Outcome

The combined status of MUC1 and surfactant
apoprotein A expression was found to be an
independent prognostic factor in our previous
study.® Therefore, we investigated MUC1 and sur-
factant apoprotein A expression in the micropapil-
lary pattern area and performed statistical analysis
using the Kaplan—Meier method for the 21 micro-
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papillary pattern-positive cases. Typical immuno-
histochemical findings are shown in Figure 5. As
demonstrated in Figure 6a and b, disease-free
interval in patients with high surfactant apoprotein
A expression (surfactant apoprotein A=4+) was
significantly longer than that in patients with low
surfactant apoprotein A expression (surfactant apo-
protein A<3+) (P=0.03). However, survival in
patients with high and low surfactant apoprotein A
expression was not significantly different, and there
was no case of recurrence or death in patients with
high surfactant apoprotein A expression.

Discussion

The presence of a micropapillary pattern is known
to lead to a poorer prognosis in cancer of the
ovaries,'®1! breast'®>*® and bladder.?*'® Several stu-
dies have investigated the role of micropapillary
patterns in lung adenocarcinoma,'® and here we
have demonstrated that such patterns have unique
characteristics in terms of MUC1 and surfactant
apoprotein A expression. The criteria for definition
of the micropapillary pattern ratio have been
inconsistent in previous studies,"® with different
methods used to evaluate this ratio. We determined
the ratio in a more objective manner using NIH
image software, and our criterion of a micropapillary
pattern ratio >1% resulted in a lower percentage of
micropapillary pattern-positive cases compared
with previous reports. In addition, we excluded
CD68-positive alveolar macrophages, which are
sometimes difficult to distinguish from scattering
cancer cells in alveolar space. Therefore, we believe
results are representative of the percentage of
micropapillary pattern-positive cases among a
population of small-size lung adenocarcinoma
patients.

Our results show that a micropapillary pattern-
positive status correlated with lymph vessel inva-
sion and lymph node metastasis, leading to poor
survival. In a previous study, we demonstrated that
MUC1 downregulation by RNAi led to decreased
proliferation and lymphatic metastasis, with an
altered phenotype of pancreatic cancer cells.”® Since
high MUC1 expression was detected on the entire
surface of the micropapillary pattern in the current
study, collectively our results suggest that the
presence of a micropapillary pattern may be corre-
lated with lymph node metastasis due to high MUC1
expression. This may occur because mucins (the
gene product of MUC1) contribute to tumor invasion
by simultaneously disrupting existing interactions
between opposing cells (anti-adhesion) and estab-
lishing new ligands for interaction between the
invading cell and the adjoining cells (adhesion).
Cell-surface-associated mucins are bound to cells
by an integral transmembrane domain and have
relatively short cytoplasmic tails that associate
with cytoskeletal elements and cytosolic adaptor
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Figure 4 Expression status of MUC1, surfactant apoprotein A, MUC4, ERbB2, p27, CEA, MUC5AC and p16 in micropapillary pattern and
non-micropapillary pattern areas in cases of primary small-size lung adenocarcinoma. The matrix shows the correlation of expression of
each protein in the micropapillary pattern and non-micropapillary pattern areas in carcinoma tissue, based on immunohistochemical
staining. The expression level was determined by the percentage of tumor cells that stained positively. MUC4 expression in
micropapillary pattern areas was lower than in non-micropapillary pattern areas (Fisher’s exact probability test, P<0.05). All other
proteins showed no significant difference in expression between micropapillary pattern and non-micropapillary pattern areas. MUC1

showed strong expression in both areas.

proteins, and participate in signal transduction.
Mucins might also serve as cell-surface receptors
and sensors and conduct signals in response to
external stimuli that lead to coordinated cellular
responses that include proliferation, differentiation,
apoptosis or secretion of specialized cellular pro-
ducts.”” Therefore, high MUC1 expression asso-
ciated with a micropapillary pattern may make
cancer cells more metastatically aggressive, even
though the micropapillary pattern contains only a
small number of cells.

We have previously reported that the prognosis
patients with small-size lung adenocarcinoma
poor for those with an expression pattern of
MUC1 > surfactant apoprotein A, and conversely is
good for an expression pattern of MUC1 < surfactant
apoprotein A.° Jiang et al.*® reported that a deletion

of

is
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in the surfactant apoprotein A gene contributed to a
poor prognosis in stage IA lung cancer; in the
current study, the micropapillary pattern area al-
ways showed high MUC1 expression and loss of
surfactant apoprotein A was predictive of a poor
prognosis in cases with a micropapillary pattern.
We also compared the outcomes of cases with
each type of micropapillary pattern: the inside and
outside types. Cases with the outside type tended to
have a poor prognosis, but there was no significance
difference because of the low sample size The
outside-type micropapillary pattern is present at
the head of the growing tumor, and this may have a
stronger effect on lymphatic invasion and lymph
node metastasis compared with the inside type.
Kuroda et al.*® described two types of micropapil-
lary pattern in breast cancers based on breast-type
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Figure 5 Expression of MUC1 and surfactant apoprotein A in carcinoma cells with micropapillary patterns (a, ¢, e, g2 MUC1
immunohistochemistry; b, d, f, h: surfactant apoprotein A immunohistochemistry). ¢, d, g, h are high-magnification images of a, b, e, f,
respectively. MUGC1 showed high expression over the whole surface of the micropapillary pattern (a, c, e, g), while surfactant apoprotein
A expression tended to be low in micropapillary pattern areas (b, d), with some exceptions (f, h). Surfactant apoprotein A was expressed
mainly in the cytoplasm of cancer cells in the micropapillary pattern area (£, h).
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Figure 6 Disease-free interval and survival in relation to
surfactant apoprotein A expression in small-size lung adenocar-
cinoma. Kaplan—Meier plots are shown for postoperative disease-
free interval (a) and survival (b) in cases with high surfactant
apoprotein A expression (surfactant apoprotein A =4) and lower
surfactant apoprotein A expression (surfactant apoprotein A <3)
in the micropapillary pattern area. Log-rank analysis indicated a
significant difference in disease-free interval (P=0.03) between
these groups, but there were no cases of death in the high
surfactant apoprotein A expression group.

and alveolar-type histology and showed that poorer
prognosis was associated with a breast-type micro-
papillary pattern. If the inside type of micropapil-
lary pattern corresponds to the breast type and the
outside type corresponds to the alveolar type, our
results are not in agreement with that of Kuroda
and co-workers, making it important to clarify the
definition of micropapillary pattern types. Further-
more, in breast cancer, it has been reported that
MUC1 expression occurs in the whole cytoplasmic
membrane in pseudo-invasive micropapillary
carcinoma, whereas the reversed membrane pattern
is present in pure invasive micropapillary carcino-
ma.”® In the current study, both the inside-type
and outside-type micropapillary patterns showed
a pure micropapillary pattern with MUC1 expres-
sion, again suggesting that further examination of
the details of micropapillary patterns is required
(Table 3).
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Table 3 Correlation between micropapillary pattern status and
gene expression levels in small-size lung adenocarcinoma

Gene expression No. of Micropapillary ~ P-value
patients pattern status
Negative  Positive
(m=164) (n=21)

MUC1 Low (0-3+) 48 14 (7.6) 0 (0) 0.16
High (4+) 137 150 (81.1) 21 (11.4)

Surfactant apoprotein
Low (0-2+) 132 117 (63.2) 15 (8.1) 0.99
High (3+, 4+) 53 47 (25.4) 6 (3.2)

MUC4 Low (0, 1+) 160 142 (76.8) 18 (9.7) 0.91
High (2+—4+) 25 22 (11.9) 3 (1.6)

ERBb2 Low (0, 1+) 132 117 (67.6) 15 (8.7) 0.88
High (2+—4+) 41 36 (20.8) 5 (2.9)

p27 Low (0, 1+) 115 98 (56.7) 17 (9.8) 0.06
High (2+—4+) 58 55 (31.8) 3 (1.7)

CEA Low (0) 153 136 (73.9) 17 (9.2) 0.77
High (1+-4+) 31 27 (14.7) 4 (2.2)

p16 Low (0, 1+) 85 72 (40.0) 13 (7.2) 0.09
High (2+—4+) 95 88 (48.9) 7 (3.9)

MUC5AC Low (0-2+) 150 131 (70.8) 19 (10.3) 0.24
High (3+, 4+) 35 33 (17.8) 2 (1.1)

It has been suggested that a micropapillary pattern
can have a significant effect upon micrometastasis,®
and we found that the micropapillary pattern
contributed to stage advancement through lymph
node metastasis, leading to a poor prognosis.
Furthermore, stage IA-positive cases had a shorter
disease-free interval, but overall survival in stage
IA was not affected by micropapillary pattern
status. This result may be due to the relatively
good overall prognosis in stage IA lung adenocarci-
noma. Our findings are also compatible with
those reported by Roh et al.,® who demonstrated
that micropapillary pattern-positive cases show
higher nodal micrometastasis in stage IA lung
adenocarcinoma.

In conclusion, our immunohistological results
indicate that strong expression of MUC1 across the
surface of a micropapillary structure is a unique
characteristic of a micropapillary pattern in lung
adenocarcinoma. Recent reports’® have suggested
that the presence of a micropapillary pattern may be
an important prognostic factor in lung adenocarci-
noma, and may be associated with lymphatic
invasion and lymph node metastasis. Our results
also show the significance of a micropapillary
pattern in stage IA lung adenocarcinoma. Further-
more, reduced surfactant apoprotein A expression
in the micropapillary pattern area contributed to a
poor outcome in small-size lung adenocarcinoma,
and the morphological pattern of the micropapillary
pattern may play an important role in this disease.
Finally, our results suggest various biological char-
acteristics of a micropapillary pattern, which could
be applicable in clinical practice.
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